The effect of the lipophilic extract of S. willeana and three terpenoids isolated therefrom, camphor, lupeol and oleanolic acid, on oxazolone-induced hypersensitivity was evaluated. The extract reduced the ear edema by 46% at 24 h after challenge. All three terpenoids inhibited the edema and suppressed cytokines release at different rates. Lupeol inhibited the swelling by over 50% and reduced the production of IL-1β by 62%. Camphor caused inhibition of the efferent phase (45% inhibition at 72 h) and the levels of IL-1β, IL-4 and TNF-α (around 80% inhibition). Oleanolic acid diminished moderately the reaction and the levels of IL-4 and TNF-α. We also demonstrated that the three terpenoids inhibited human T-lymphocytes proliferation in a concentration-dependent manner and induced their apoptosis. Thus, these terpenoids could be considered anti-inflammatory constituents of S. willeana.
The genus Salvia comprises about 900 species, many of which are used in traditional medicine to treat various disorders [1, 2] . S. willeana (Holmboe) Hedge (Lamiaceae), an aromatic herb endemic to Cyprus, and locally common in the Troodos range [3] , possesses pharmacological properties. Its extracts or infusions are used as tonics and anti-diarrhoeal agents. The plant can also be used to halt milk production in nursing mothers and has a strong antiseptic action [4, 5] . This species has been characterized by the presence of the triterpenoids, ursolic and oleanolic acids and urs-12-ene-3α,11αdiol, the diterpenoids, carnosic acid and isorosmanol and the flavonoid salvigenin [6] . These classes of compounds have demonstrated anti-inflammatory activity in different experimental models of inflammation.
In the present study we report the activity of the lipophilic extract of the aerial parts of S. willeana and the three isolated compounds, camphor, lupeol and oleanolic acid, on a delayed-type hypersensitivity reaction induced by oxazolone, specifically on edema formation and their effect on different proinflammatory mediators involved in this reaction, as well as their influence on both T lymphocyte proliferation and the cell cycle.
The lipophilic extract, which was topically applied at a dose of 1 mg/ear after oxazolone challenge, reduced the ear edema by 46% at 24 h, but exhibited only a weak effect during the later stages of the process (22% and 20% at 48 h and 72 h, respectively). When topically applied at a dose of 0.5 mg/ear, the isolated compounds clearly and significantly reduced the hypersensitivity reaction in mouse ears (Figure 1) . Lupeol was the most active compound, inhibiting the swelling by 58% 24 h after challenge and maintaining the effect after 72 h (50% and 52% at 48 and 72 h, respectively). Camphor caused a slight inhibition of the elicitation phase (28% at 24 h), but its effect intensified at 72 h (45% inhibition), whereas oleanolic acid produced a moderate reduction of the reaction (37%, 33%, and 30% at 24 h, 48 h, and 72 h, respectively) ( Figure 1 ).
A critical event during the development of cutaneous immune responses, including those provoked by exposure to a contact allergen such as oxazolone, is the mobilization of epidermal Langerhans cells (LC). These cells act as sentinels of the immune system in the skin, responding to a variety of local injuries with migration and the delivery of potentially foreign signals leading to the draining of the lymph nodes. IL-1β and TNF-α are known to play pivotal roles in the stimulation of LC migration. Thus, with regard to the effect of the compounds on the protein level of such cytokines, IL-1β, TNF-α, and IL-4 production were measured in ear homogenates 72 h after challenge with oxazolone with the aid of an ELISA analysis. The effectiveness of the compounds varied depending on the cytokine, with the inhibitory activity on the liberation of all three cytokines being especially marked for camphor (around 80% inhibition with respect to those in the acetone-treated group). In contrast, the other compounds exhibited different behaviors. Oleanolic acid, for example reduced the levels of IL-4 and TNF-α by 42% and 46%, respectively, but did not modify the concentration of IL-1β. Lupeol notably reduced the production of IL-1β by 62%, moderately reduced that of IL-4 by 36%, but had no significant effect on TNF-α levels. In the dexamethasone-treated group, a decrease in the production of cytokines to basal levels was observed ( Figure 2 ). The study of cell viability and toxicity, assessed by examining the mitochondrial reduction of MTT after 24 h, showed that at 100 μM, none of the tested compounds was toxic to either human lymphocytes or murine RAW 264.7 macrophages (data not shown). In LPS-stimulated macrophages, lupeol at a final concentration of 100 μM reduced the nitrite production in the culture medium by 55% while camphor only exhibited a slight inhibition (25%).
These results indicate an effect on the production of nitric oxide, which plays a relevant role in contact dermatitis and contributes to the swelling and infiltration of effector cells.
All three tested compounds, camphor, lupeol, and oleanolic acid, inhibited T-cell proliferation in a concentration dependent manner 72 h after PHA stimulation, with IC 50 values of 3.7, 1.6, and 3.3 μM, respectively. We then set out to determine the phases in which the cell cycle was modified. After incubation, either with or without the compounds, the cell cycle was analyzed with propidium iodide reagent and subsequent flow cytometry analysis. The analysis of the cell cycle at different times indicated that resting T-cells stayed mainly in the G 0 /G 1 phase, whereas PHA-stimulated cells went from the G 0 /G 1 phase to the S phase and then on to the G 2 /M phase. When PHA-stimulated cells were treated with the isolated compounds, the passage to the S and M phases was reduced, with the maximum effect appearing 72 h after stimulation. These compounds actually induced the apoptosis of human lymphocytes, with the percentage of cells in the sub-G 0 phase higher at 24 and 72 h with respect to the control group ( Figure 3 ). A number of triterpenoids, including oleanolic acid and lupeol, exhibit marked anti-inflammatory activity and have been found to modulate the immune system. We found both triterpenoids to be effective when applied topically against various protein kinsase C activators. For example, both inhibited 12deoxyphorbol-13-tetradecanoate-induced edema, while oleanolic acid reduced merezein-induced edema, and lupeol was active against 12deoxyphorbol-13-phenylacetate-and bryostatin-1induced edemas. These findings indicate that the inhibition of protein kinase C plays a role in their anti-inflammatory mechanism [7] . Oral administration of lupeol inhibited CD 4+ and CD 8+ T cells as well as cytokines IL-2, IL-4, and IFN-γ in a DTH reaction induced by ovalbumin in mice [8] .
Effects of terpenoids of
Oleanolic acid exhibited moderate activity on the DTH reaction induced by dinitrofluorobenzene, suppressing the edema by 32% 96 h after challenge [9] . This compound also enhanced the total white blood cell count [10] and increased the total antibody production in the same way as the monoterpenes carvone, limonene, and perillic acid, indicating its potentiating effect on the immune system [11] . However, due to their irritant properties, camphor and limonene were unable to induce an immunostimulatory response in the popliteal lymph node assay in rats [12] . A case report of an allergic contact dermatitis from rectified camphor oil as a component of a topical medicine has been previously published [13] . Still, it has been reported that T cell activation, proliferation, and cytokine gene transcription are all regulated by several transcription factors in which NF-κB shows a significant participation. In this context, in a search for inhibitory natural products from medicinal plants against NF-AT transcription factor, it was found that oleanolic acid showed an IC 50 > 50 μM [14] .
Considering the variety of bioactive triterpenoids from nearly 100 Salvia species reported in the literature [15] , it seems clear that this kind of compound is fairly representative within the genus. So, taking into account the results obtained for the terpenoids assayed in this study, we must assume that the pharmacological properties attributed to Salvia willeana correlate with the occurrence of these constituents, which support its use in traditional medicine and which could be extended to other species of Salvia with the same constituents.
In conclusion, this study demonstrates that S. willeana possesses anti-inflammatory activity and that lupeol, oleanolic acid, and camphor could be considered as a part of its active constituents. They are most likely responsible for the plant's potential therapeutic benefits since they attenuate the inflammatory reaction induced by oxazolone and exert a proliferation-suppressive action, in part through a reduction in the release of inflammatory cytokines.
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Experimental
General experimental procedures: 1 H, 13 C and 2D NMR spectra were recorded in CDCl 3 on Bruker DRX 400 and Bruker AC 200 (50.3 MHz for 13 C NMR) instruments at 295° K. Chemical shifts are given in ppm (δ) and were referenced to the solvent signals at δ 7.24 and 77.0 for 1 H and 13 C NMR, respectively. IR spectra were obtained on a Perkin-Elmer PARAGON 500 FT-IR spectrophotometer. The [16] : Female CD-1 mice (Harlan Interfauna Iberica, Barcelona, Spain), weighing 25-30 g, were randomly distributed into groups of 6 animals and fed with a standard diet and water ad libitum. Housing conditions and the protocol were approved by the Ethical Committee of the Faculty of Pharmacy in accordance with the guidelines established by the European Union on Animal Care (CEE Council 86/609). At the beginning of the experiment, on day 1, mice were sensitized by means of topical application to the shaved abdomen of 150 μL of a 3% (w/v) solution of oxazolone in acetone. On day 2, ear thicknesses were measured to obtain data for ears with no inflammation. On day 6, challenge was performed by applying 20 μL of 1% (w/v) oxazolone in acetone to both the inner and outer surfaces of both ears, after which the extract (1 mg/ear) and test compounds (compounds 1, 2 and 3 at 0.5 mg/ear and dexamethasone 0.025 mg/ear), dissolved in either acetone or EtOH/H 2 O (7:3) were applied topically (20 μL) to the ears either 1, 24 or 48 h after challenge. Ear thickness of both the treated and control groups was measured with a micrometer (Mitutoyo Series 293) and the edema was calculated as the difference in thickness before treatment and 24, 48 and 72 h after challenge. The control group was treated only with oxazolone. Inhibition was expressed as a percentage of control. The mice were killed by means of cervical dislocation at 72 h and ear punches from each animal were used for determination of cytokine production. [16] : Ear samples were homogenized with a Polytron (Kinematica AG, Lucerne, Switzerland) in a buffer solution (10 mM HEPES pH = 7.6, 10 mM KCl, 1.5 mM MgCl 2 , 0.8% Triton X-100, 1 mM dithiotreitol, 2 mM phenylmethanesulfonyl fluoride, protease inhibitors cocktail, Roche), sonicated (3 x 10 s) and centrifuged at 14,000 rpm at 4ºC for 15 min. Supernatants were analyzed for protein content with Bradford reagent and frozen at -80ºC. IL-1β, IL-4 and TNF-α were quantified in homogenates in triplicate by a specific enzyme immunoassay kit used according to the manufacturer's instructions (eBiosciences). After overnight incubation at 4ºC with the capture antibody, microplate wells were washed 3 times with washing buffer. Afterwards, the same operation was repeated after 1h incubation with diluent. Standards and test solutions (100 μL) were uploaded and incubated for 2 h at room temperature. Thereafter, two further steps consisting of the addition of biotin conjugate anti-mouse polyclonal antibody (100 μL, 1 h incubation) and avidin-peroxidase (100 μL, 30 min incubation) preceded the termination of the reaction with 1M H 2 SO 4 . Each incubation was followed by aspiration and repeated washing with the buffer. Final absorbance was read at 450 nm. Once a standard curve was obtained with different cytokine concentrations ranging from 7.81-1000 pg/mL, experimental values were calculated by means of interpolation. Inhibition percentage was defined as the difference between the mean value of control and test value absorbance, divided by control value, and multiplied by 100.
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Determination of cytokine production in ear homogenates
Determination of cell viability [17]:
The cytotoxicity of the test compounds was performed by the 3-[4, 5dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT) assay. Murine RAW 264.7 macrophages and human lymphocytes were exposed to test compounds at concentrations of 100, 50 and 25 μM in a microplate for various lengths of time and then 100 μL per well of a 0.5 mg/mL solution of MTT was added and incubated at 37°C until blue deposits were visible. The blue metabolite was dissolved in dimethyl sulfoxide (DMSO). Absorbance was measured at 570 nm using a Labsystems Multiskan EX plate reader (Midland, Canada). Results were expressed in absolute absorbance readings, with a decrease indicating a reduction in cell viability.
Nitrite production in intact RAW 264.7 macrophages [18]:
Murine RAW 264.7 macrophages were cultured in Dulbecco's Modified Eagle Medium (DMEM) containing 2 mM L-glutamine, 100 U/mL penicillin, 100 μg/mL streptomycin and 10% fetal bovine serum (all from Invitrogen). Cells were removed from the tissue culture flask with a cell scraper and resuspended to a final concentration of 1×10 6 cells/mL. Nitrite production was assessed as the index of nitric oxide generation in the induction phase. Thus, RAW 264.7 macrophages (1×10 6 cells/mL) were co-incubated in a 96-well culture plate (200 μL) with 1 μg/mL of lipopolysaccharide (Sigma-Aldrich) at 37° C for 24 h in the presence of test compounds (100, 50, 25 and 12.5 μM) or vehicle (phosphate-buffered saline). Nitrite concentration in culture supernatant was determined by using Griess reagent (Sigma-Aldrich). [19, 20] : Peripheral lymphocytes were obtained from the human blood of healthy volunteers. Cells were isolated by the Ficoll-Paque gradient density method (GE Healthcare). T lymphocytes were isolated by depletion of adherent cells on plastic dishes (95% purity) and resuspended in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100 U/mL penicillin and 100 μg/mL streptomycin (Invitrogen Gibco, Langley, OK, USA).
T-lymphocyte isolation, proliferation and cell cycle analysis
A volume of 200 μL of T-lymphocyte suspension (1 x 10 6 cells/mL) was applied to each well of a 96-well plate with 25 μg/mL phytohemagglutinin (PHA) alone or with test compounds at different concentrations (5-10 μM) and dexamethasone (5 μM) as a positive control. The plates were incubated in a 5% CO 2 /air humidified atmosphere at 37°C for 3 days, after which T-cell proliferation was determined with a modified colorimetric MTT assay. The formazan product formed was dissolved in DMSO by shaking it. The absorbance was measured at 570 nm using a Labsystems Multiskan EX plate reader (Midland, Canada). Results were expressed in absolute absorbance readings; a decrease indicated a reduction in cell viability. Controls consisted either of lymphocytes with PHA (100% activity), with medium (0% activity) or samples with nonstimulated lymphocytes.
T-lymphocytes (1 x 10 6 cells/mL) were co-incubated in a 6-well plate with or without 25 μg/mL PHA after treatment with the compounds. Different experiments concerning the cell cycle were performed to see the effect on cell cycle after PHA stimulation and the effect of isolated compounds on PHA-stimulated cells at different times. Isolated compounds (6-8 μM) were added to the cells, after which the plates were incubated in a 5% CO 2 -air-humidified atmosphere at 37°C for 12, 48 and 72 h. In these experiments we see at what point the cell cycle is blocked and we view the subG 0 peak as the index of the apoptosis event, and then the G 1 , G 2 and S peaks. The cells were harvested by means of centrifugation, washed in phosphate-buffered saline (pH 7.2) and then fixed in 70% ethanol for 30 min at −20° C. After washing the cells once with phosphate-buffered saline, the DNA was stained with propidium iodide (4 μg/mL) containing 100 μg/mL of ribonuclease A. Flow cytometry analysis was conducted with an EPICS XCL (Beckman, Fullerton, CA, USA); 1 x 10 4 cells for each test sample were counted. analysis of variance (ANOVA) followed by Dunnett's t-test for multiple comparisons. In comparisons against the control group, values of P less than 0.05 were considered significant. Inhibition percentages (%I) were calculated from the differences between drug-treated groups and control animals treated only with the inflammatory agent.
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